The two main layers of human skin are held together by structures at the dermal-epidermal junction (DEJ) called anchoring fibrils (AFs). Without properly functioning AFs, the adherence between the epidermis and dermis is compromised. Clinically, this translates into skin fragility and skin bullae. AFs are composed of type VII collagen (C7) that has a central triple helical domain (TH) flanked by a 145-kDa non-collagenous amino-terminal domain (NC1) and a 30-kDa carboxyl-terminal domain (NC2) (Burgeson et al., 1993) . AFs and C7 are perturbed in recessive dystrophic epidermolysis bullosa (RDEB), a disease characterized clinically by skin fragility, skin bullae, scarring, and nail loss (Fine et al., 2008) . RDEB is caused by mutations in the COL7A1 gene encoding C7. Over 700 mutations have been identified in DEB patients (Wertheim -Tysarowska et al., 2012) . According to a recent consensus report, RDEB is classified as RDEB, severe, generalized (RDEB-sev, gen), RDEB, generalized, other (RDEB-O) and RDEB inversa (RDEB-I) (Fine et al., 2008) .
As summarized in Table I , 13 of the patients were classified as RDEB-sev, gen (patients 1-13) with COL7A1 mutations that created premature termination codons (PTCs) due to nonsense or splice-site mutations (Spl), small insertions or deletions. Another nine RDEB patients (patients 14-22) had missense mutations (Mis) in one allele of COL7A1 predicting glycine or arginine substitutions in the TH domain. Six patients (patients 14-19) had mutations associated with RDEB-I. Three patients had . Of the 22 sequenced RDEB patients, 32 mutant alleles were identified. Nearly one third (10 of 32) of these mutations have not been previously reported.
We assessed the level of C7 expression at the DEJ of their skin by immunofluorescence staining of peri-lesional skin with a rabbit-anti-NC1 antibody (Chen et al., 1997) . As summarized in Table 1 and Supplementary on-line Figure S1 , nine patients (patients 14-22) expressed C7 at the same level as skin from normal human subjects. The other RDEB patients had reduced (patients 1, 4-7, 9, 10, 12, 13) or no expression of C7 (patients 2, 3, 8, 11).
AFs were evaluated by transmission electron microscopy for density and morphology. As summarized in Table 2 and Supplementary on-line Figure S2 , RDEB patients had reduced density or complete absence of AFs. When AFs were observed, they appeared attenuated in size or had an abnormal morphology.
To determine if RDEB patients have anti-C7 antibodies, we subjected our RDEB patients' sera to two different anti-C7 antibody ELISAs and immunoblot analysis. One commerciallyavailable ELISA utilizes NC1 and NC 2 domains as the target substrate. The second ELISA is one we developed and employs full -length C7 as the target substrate. We used 13 EBA sera as positive controls and sera from 17 normal subjects as negative controls to establish the assay. The ELISA results are shown in Supplementary on-line Figures 3S and 4S and summarized in Table 2 . With the commercial ELISA, 7 of 22 RDEB patient sera (patients 5, 6, 8, 9, 18, 20, 21) showed reactivity with values above the threshold. Similarly, in the fulllength C7 ELISA, 11 of 22 patients exhibited reactivity. Using the full-length C7 ELISA allowed us to identify sera from four RDEB patients (patients 12, 16, 19, 22) that exclusively recognized the TH domain. These sera were further analyzed by immunoblotting against purified C7 (Woodley et al., 2004) . As summarized in Table 2 and Supplementary on-line Figures 5S, there is 100% correlation between ELISA and immunoblot results.
To determine if RDEB sera recognize C7 in the skin, we performed indirect immunofluorescence staining using salt-split human skin as substrate (Woodley et al., 1984) . None of the sera from these 11 patients bound to C7 on the dermal side of salt-split skin (data not shown). In addition, direct immunofluorescence of the 11 patients' skin did not detect any anti-C7 antibody deposits (data not shown), suggesting that the anti-C7 antibodies in their sera are likely non-pathogenic.
This study provides evidence that 12 of 22 bona fide RDEB patients have low level circulating anti-C7 autoantibodies that do not bind to the patients' skin. A previous smaller study found that 1 of 7 RDEB patients exhibited anti-C7 antibodies by ELISA (Pendaries et al., 2010) . In accordance with our data herein, a recent study of 17 RDEB patients showed that 15 of 17 of the patients exhibited anti-C7 antibodies (Tampolini et al., 2013) . DIF on the RDEB patients, however, was not performed in either of these two studies.
Although our RDEB patients had varying types of COL7A1 mutations, the expression of C7 in the DEJ of their skin ranged from none to the same as normal skin. The generation of anti-C7 antibodies is our RDEB cohort did not correlate with the expression of C7 in the patients' skin, the type of COL7A1 mutation, the patients' age or the classification of RDEB. It is interesting to note that a correlation between anti-C7 antibodies and the Birmingham EB severity score was observed (Tampolini et al., 2013) .
All therapies for RDEB including cell therapy, protein therapy and vector therapy will involve exposure of the patient to new domains of C7 and the potential to generate anti-C7 autoantibodies (Chen et al., 2002 , 2004 , Wong et al., 2008 , Wagner et al., 2010 . The presence of anti-C7 antibodies in some RDEB patients prior to treatment should be taken into consideration when selecting and evaluating patients involved in clinical trials.
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